Introduction
The deprotonative metalation of aromatic rings has been widely used as a powerful method for regioselective functionalization. The methodology using alkyllithiums and lithium dialkylamides have been largely employed for this purpose. 1 Nevertheless their use is limited to substrates with C-H acidity enhanced by directing groups and generally requires low reaction temperatures due to the high reactivity of the corresponding aryllithiums. In addition, unlike organoboron, organotin, organozinc and organomagnesium compounds, organolithiums can hardly be involved in cross-coupling reactions. 2 Mixed alkaline organobimetallic mixtures such as those described by Schlosser 3 and Lochmann 4 exhibit powerful basic properties that cannot be attained by the homometallic compounds on their own, but low chemoselectivities. Organobimetallic mixtures containing only one alkali atom display a large panel of reactivities depending on both the non-alkali metal and the groups connected to it. R n MLi-type ate compounds, present in stoichiometric 5 or catalytic 6 amounts in these mixtures, are in general supposed to be responsible for the exhibited reactivities ("synergy").
In the framework of studies dealing with triazolopyridine systems, 7 we have been interested in the development of new strategies to functionalize [1, 2, 3] triazolo [1,5-a] pyridines. Among the methods used, 8 deprotonative metalation reactions using lithium bases have been developed, and prove efficient in the absence of reactive functional groups, provided that very low reaction temperatures are used.
Herein, we report the first regio-controlled functionalization of [1, 2, 3] triazolo [1,5-a] pyridines using lithium-magnesium and lithium-cadmium organobimetallic bases.
Results and Discussion
To develop new deprotonation reactions of [1, 2, 3] triazolo [1,5-a] pyridines, our approach first capitalized on the good reactivity of magnesates. Since 1999, Mulvey has documented the preparation of mixed alkali metal-magnesium amides for the site selective deprotonation of benzene, 9 toluene, 10 ferrocene, 11 ruthenocene, 12 osmocene, 12 bis(arene)chromium, 13 and furan. 14 At the same time, we studied the deprotonative metalation of pyridines, 15 thiophenes, 16 oxazoles, 17 and furans 18 using easily available lithium magnesates, the obtained arylmagnesates being either trapped with electrophiles or involved in palladium-catalyzed cross-couplings.
First studies about the lithiation of [1, 2, 3] 40 The protocol here developed allowed the iodides 2'e and 2f to be obtained (Table 2 , entries 5,6). The formation of 2'e 39 instead of expected 2e can be rationalized as previously reported (Scheme 2). The basic mixture "TMP-cadmate" being able to dideprotonate substrates such as pyrazine, thiazole, N-Boc pyrrole and thiophenes, 36 we decided to attempt the access to diiodo derivatives of [1, 2, 3] triazolo[1,5-a]pyridines using 1 equivalent of base. Starting from 1a, the 3,7-diiodo derivative 5a was isolated in 66% yield (Scheme 3). Unexpectedly, a mixture of the diiodide 5'e and the triiodide 6'e, 41 from which the latter was isolated in 30% yield, was obtained from 1e using the same protocol.
40
The iodides 5'e and 6'e probably result from isomerization of the compounds 5e and 6e, as described above (Scheme 2). The precursor 5e could be formed by dideprotonation at both 7 (the more activated position of [1, 2, 3] triazolo[1,5-a]pyridine) and 3' (induced by the neighboring triazole ring) positions. 42 The triiodide 6e could be generated by metalation of 5e during the trapping with iodine (excess of base). The formation of the diiodide 5f is less unexpected, and logically results from a dideprotonation Even if cross-coupling reactions using cadmium compounds have mostly been described starting from organocadmium chlorides, 43 reactions from substrates 1a-e were attempted. Preliminary results
36
showing that palladium catalysis using dppf as ligand was appropriate, the metalated intermediates were subjected to reaction with 2-bromopyridine at the reflux temperature of THF. Whereas no reaction was observed in the presence of an electron-withdrawing group at the 3 position of the [1, 2, 3] triazolo [1,5-a] pyridine ring (substrates 1d,e) under these conditions, the bis(heterocycles) 4a-c were isolated in yields ranging from 26 to 67% (Scheme 4). Trapping was also attempted using 2-bromopyridine to give the expected coupling products under palladium catalysis. Compared to the previously described methods for the synthesis of similar bisheterocycles, 7d,45 the procedure described here has the advantage of being 'one pot' from the corresponding triazolopyridines.
Due to the toxicity of cadmium compounds, 37 we actually try hard to develop basic mixtures containing cadmium salts as catalysts. We already observed using anisole as substrate that (TMP) 3 CdLi does not behave as an efficient catalyst when the reaction was performed using a mixture of LiTMP (1.5 equivalents) and ZnCl 2 ·TMEDA (0.5 equivalents) in THF at room temperature, 46 but other catalysis experiments are under investigation. Works in order to develop new mixed lithium-metal bases of ate type still efficient and chemoselective but less toxic are in parallel under investigation.
Experimental Section
General Procedure A (deprotonation using 0.4 equiv Bu 3 MgLi followed by trapping using I 2 ).
To heated under reflux for 18 h before addition of water (0.5 mL) and AcOEt (30 mL). After drying over MgSO 4 , the organic phase was filtered and concentrated under reduced pressure.
General Procedure E' (deprotonation using 1 equiv CdCl 2 ·TMEDA and 3 equiv LiTMP followed by cross-coupling). To a stirred cooled (0 °C) solution of 2,2,6,6-tetramethylpiperidine (1.1 mL, 6.0 mmol) in THF (5 mL) were added BuLi (1.6 M hexanes solution, 6.0 mmol) and, 5 min later, CdCl 2 ·TMEDA 35 (0.60 g, 2.0 mmol). The mixture was stirred for 10 min at 0 °C before introduction of the substrate (2.0 mmol). After 2 h at room temperature, the mixture was treated with Pd(OAc) 2 (13 mg, 60 mol), dppf (44 mg, 80 mol) and 2-bromopyridine (0.19 mL, 2.0 mmol). The mixture was heated under reflux for 18 h before addition of water (0.5 mL) and AcOEt (30 mL). After drying over MgSO 4 , the organic phase was filtered and concentrated under reduced pressure. Supporting Information Available: General procedures, X-ray diffraction analysis of compounds 2a, 2d and 2'e, and copies of the 1 H and 13 C NMR spectra for compounds 2a-d, 2'e, 2f, 3a-c, 5a, 6'e, 5f
7-Iodo-[1,2,3]triazolo[1,5-a]pyridine (2a
and 4a-c. This material is available free of charge via the Internet at http://pubs.acs.org.
